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ABSTRACT

An international r-search laboratory can be established on the Moon in the
early years of the 21st Century. It can be built using the transportation
system now envision-d by NGSA, which lnClUd@6 a space station for Earth
orbital logistics and orbital transfer vehicles for Earth-Moon
transportation. R scientific laboratory on the Moon would permit extended
surfacm and 8ubsurfaca geological exploration~ long-duration experiments
defining the lunar ●nvironment and its modification by surface activity: new
classes of observations In astronamy; space plamma and fundamental physics
experiment=; ●nd lunar resource development. The discovery of a lunar source
for propellants may reduce the cost of constructing large permanent
facilities in space and enhance other 6pace programs such as Mars
exploration.

INTRODIJCTION

Over the past few years the ●uthors have organized ●,ld ●ttended a number of
studies, work=hops, ●nd symposia addre6sinq possibilities for future manned
space exploration programs. Qmoncj the conferences ●re included the Lunar
Base6 Workshop /1/, the Lunar Base% Symposium /2/~ and the Manned Mars
Missions Study /3/, all of which promoted deliberations and formed
conclusions on extraterrestrial ba~es and outposts. We have focus~ed
recently on manned explorations to supplement current experience in unmanned
investigations in the hope that ●n optimum mix of manned KSD unmanned
scientific capabilities will emerge. The purpose of this paper is to show
how a manned research laboratory on the Moon offers unique opportunities for
geological and astronomical observations as well as for certain hinds of
fundamental physics experiments.

A LUNAR EASE IN PERSPECTIVE

Very recently, the United States’ National Commission OIT Space. chaired by
Thomas 0. Paine, published lt6 report/4/ on fL.ltUre spacE? endeavur %. That.
report takes the view that a nation Lan best (l,~termine which spar’p prnur ams
should be develnped over the ne::t 20 years by 1nul.inq at)ec~ri50 yt~:l.t51 aI”I,~

dmcidln,~ wller~”It warltr,tu b~! th~’rr. We t~tle th.lt VIF?W l~mu In IX-”LIIII tLl pllt

the lul)ar labnratcwy in p~r~pmct]ve.

Support..lng Trar)~purtaticrn Systwn=,



low–lunar-orbit, or other spaceports that may be located at particular
libration points /6/. Given”that much infrastructure in place, a nation
could Establish ●nd maintain ● lunar outpost with relative ease after
developing ● n ●ppropriate lunar lander.

Figure 1 sugqest6 a supportive role that a lunar base might play in a space
program ceveral decades into the future. The curves indicate the changes in
velocity (delta-v) that are required for a rocket to travel from one place to
another. 116 the rocket equation show6 /6/, the larger delta-v is, the larger
will be the mas6 of propellant required for the trip. Thm surface of the
Earth i6 depicted in Fig. 1 as being at the bottom of a deep “well.” The
largest single delta-v 6tep shown i6 that o+ lifting an object from the
surface of the Earth to LEO. Clearly, this step must be performed a=
efficiently afi pos6ible and will eventually involve new innovations 6uch ● s
●ero~pace plane6 ●nd Ghuttle-derived heavy lift launch vehicles. Furthermore?
the sooner extraterrestrial resources can be used in ● n ●xpanding space
program, the less dependent the program will be on this expensive first step
●nd the faster it can grow. The Moon ha6 ●bundant re60urces.

Lunar Resources

One of the easiest tl~ings to get from the Moon is soill or regolith? for
radiation shielding at a habitat that i~ located either on the lunar 6urface
or, for instance, ●t some spaceport placed far from the Earth ●nd Moon.
Lifting an object from the Moon requirm6 a delta-v of only 2.4 km/s, wherea6
lifting it from the Earth requirefi ● total delta-v of over 11.2 km/s. Beyond
the protection of the Earth’s magnetic field, an ●nnual biological dose from
galactic cosmic rays is ●bout 50 rem /7/; 5 rem per year is ●llowed for
radiation workers in the United StateG. In addition, several 6olar flares
per n-year Sun spot cycle could be lethal to astronaut~ without a radiation
“storm cellar” of some typa. If lunar regolith were used for 6hielding. the
co6t of lifting inert material from the surface of the Earth would be
●voided.

Oxygen will be important. to ● growing space program. Forty percent of the
Moon is oxygen --locked up tightly in chemical bonds. However! many ways of
extractlncj o::yqen from lunar reqolith have been 6tudied, and 6e\’eral appear
to be feasible /B/. This suggests that hydrogen, the lighter =lemer,t of
hydrogen- o::yqen propellant for rocket engines. can be brought up from Earth
and that oxycjmn? the heavier element, can be manufactured on the Mom. Figure
2 relates the dev~~lopmerlt.of a lunar base to the growth of lunar rest urce
●uppnrt of the transportation system. Initially, the base i6 totally
dependent on terrestrial 6L1pply, which means that 7 kg of propellant is
needed in LEO to place 1 kg on th~ lunar 611rface. With the introduction of
lunar o::ygcm, first il~to near-tloon operaticrrl~ and then into th~ rtitut-llpath
to Earth, the ulope of the curve chanqc~, frcrm 7: 1 to Z.5:1. fl!.,mar~lllaclurinq
capablllt.~e;. increas~~ tr. the poir)t at which a~~rc)l.)ral~~% (hr~at st~.(~lds +crI

vdliclc’s d~(.~’lwatinq in a planet’~i atmr~%ptirw~) can h~ m.allul.~rtllrudfrom
lun=~r m~t~’1ials, the slnpr? drxreasc~t tm %omf~thlnq %Ilqhtl)” qI eater than 1:1.



hydrolysi6 of Si-O bonds at-crack tips nr di610cation6. In the extremely
anhydrous environment on the MoonF hydr~lytic weakening will be suppressed
/9/. Thus, lunar silicate glass could po=sibly be substituted for =tructural
metals in a variety of space engineerin~ applications.

Still other commodities useful to an expanding space program could be
produced on the Moon. Metals? 6uch as iron or titanium, can be extracted
from the lunar soil, rocksg or minerals with differing dmgrees of difficulty.
For ●xample, small quantities of metal (primarily iron) from meteorites can
be concentrated with a magnetic device “From large ●mount- of lunar sail: or,
with much larger energy inputs! titanium can be obtained from ilmenite. These
products
might be
Marsm At
●lectric
feasible

could be used in large space structures. Lunar titania or alumina
used.to produce aerobrakes for returning to Earth or landing at
higher levels of development, the production of components for solar
power generation in space (e.g., solar power satellites) could be
/10/.
u

Complementary Resources from Mars

Water is known to ●xi~t on the ●ur+acm of Mars /11/. However, to avoid
having to use the propellant required to remove resources from Marsy where
the escape velocity i~ S km/s, one may fir~t seek re60urces ●t Mars’ mocm6~
since only docking maneuvers are needed to approach them. There is strong
evidence that llar6’ two moon6, Phobos and Deimos, have compositions similar
to that of ● carbonaceous chrondrite-- ● type of meteorite that is rich in
water ●nd organic% /12/. Furthermore, returning to Fig. 1 we 6ee that the
delta-v required for ● 3-day trip from LEO to a soft landing on the Moon is
●pproximately the same as the delta-v required for an H-month trip from LEO
to Deimos. If unmanned freighters are used to carry carqoes from MarsP
vicinity to Earth’= vicinity, the long trip time could be tolerated. so we
may find that the resources of the Moon, which are quite dry ●nd contain only
traces of carbon? and those of Mars’ moons will complement the needs of a
growing space pro~ram.

costs
.

Costs of placinq on the Moon a permanent ba%c housing 24 penple wm~’
estimated in 1968 by a Stanford--Ames study /17/. The qroL\p C.WICIUdPd that
over a 15-year period, the total development, acquisition, delivery. and
buildinq cofits would be %17 billion, which translates to $60 billioll in l?E/J
(i billimn = 10-). This flqure is consistent with a r~cent NRSfl a6ses=mer~t
showing that a permanent lunar baser and the necessary orbital tranr,i@l-
vehlcles and lunar landers? can be built over 2!3 years for abol.rt4190 bl llion
in 19H6 dollar~, /14/. To compar~!~ the ~pcrlln program that landed a do:~rl

astronaut% on the surface of the Moon wa~, coml)]~ted in 11 y~?art.an(l [rt~,t
about $BEI bi him in 19131J dollar%.

The Rpolln proqram dnvulc)pr?d whpn thp l.].!;.qrar,g.,r)at](mal pII”CJLjLIr t W.l!l 11’!1 ,

than on~half ni what it is today. a+lr’t af’c:(>llnt,irlq +m in+ Jat inn ,’1~”l:’. “I”hlls.
i{ a lunar ba~w prmjt’1-fw~lrp t)~lllt l)”})ttl P U.S. av~r about 2 do~...~(l,,,,,lt Wlllllll
hnve le~% tl)an OIIC? [nurtl) as, mllrl)illll~li~l ~mPAI f UII tl~e U.S. ecr)rllml:aII IiI~l
ttl= fipnllc]pr[]qr~m d(JtIIIq tt)~ 1’+AI.I!).l’uttlrl~lil dif+ermntly. a l.ItIlm ll~l”llt
lunal ba%e uan tJI*tIIII lt for 10FIC.,tltallorl~’tr~l~tll0+ onw percent 1~1 11111

LLlmlllcAtlvu u.!;. qt.Lj..lElIlatic)l)al~)rL21.11.ILt . /l?J. 14);. tiuw~vmr. ●lthl.)lllltllli~’Il.!:.
[ail alir)rd to bLll1d a p[?t’flli~rl~’lit tIa TCI orl fl~r’ML)IIIIwithout th~ t~i’111III (It11111
rltatlt)llu.tll,ntmajj nl.)tht’ tl)~’m[)~ltdr’gl]r.~t.}lt.’wa. tl) ql”lahl”lllt 11 .
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International Coop-ration ..

~ lunar laboratory could serve as ● vehicle for future international
cooperation by coordinating tasks to take fiiaximum●dvantage of the
complementary technological skills of all participating national spsce
programs. In this way, cooperation among nations will be encouraged by large
scientific programs as was done. for example~ in the International
Geophysical Year efforts in 1958.

The international nature of this project must be studimd carefully. Two
models are suggested by analogy with the CERN ●nd Fermilab particle
●ccelerator laboratories. CERN (Geneva) was built by--and is managed by
repre~entatives from-- ●everal countrie6: Fermi lab (Chicaqo) was built and is
managed by one country. Both laboratories are “international” ●nd have
accepted research scientists from ●ll’ over the world. We are not prepared to
suggest a 6pecific model at this time, but the idea is not without
precedence. Spacmlab i~ ● n international laboratory built by the European
Space Agency and launched into LEO on the U.S. shuttle. An international
research laboratory on the moon may be merely a logical extension of
Spacelab.

Science as a Rationale?

We ●gree with the viewpoint expressed by the National Cofimission on Space
when it reports~ “The Solar System is our extended home .... Now space
technology has freed humankind to mnve outward from Earth ● s a ●pecies
de~tined to expand to other worlds” /17/. This viewpoint suggest6 that the
=cientific exploration of space has a special meaning for scientists and
non-~cientists ●like --a meaning that transcends the usual rationale for-
doing science. With this viewpoint in mind, we can accept the premise that
science ●lone may not be a Sufficient reason for spending money to m:<plore
space or build a lunar laboratory~ and still we can presume that someday ●

lunar base will be justified and built. It will be built for many reasons,
including perceived scientific politlcal~ and economic benefits.

So the key question to be answered by the scienti6t is, “Given that a lunar
base will be established? what are intet-esting anu uniqu~ scientific
investicjation~ that people can do on the Moon?” It lF from the broad
perspective outlined ●bove, showing how a lunar base fit~ into the context of
● n larger expanding space program. that we turn to thi6 question.

Th~ f’lrmnis a corr16w6tcm@ fur comparative planetoloqy because it evolved with
nut atmctspher”e m- water, and recnrd~ of early genloqical evrant!istill can bc
i01.lrlct.A permanent lunar bast? offur= the opportllnity to 6t.udy th~~ Muc~n in
much ~r~ater detail than has ever bcwn pt)~:~ikjlr’.It alsn dl](JW% LIZ! t(n LIS,(?

thtI L.lr)] qi~~~ IIlnar enilronmrv~r as a platfLw-rrl{01 iistrcmtmic,ll, 9rIlaI. EIIIaC[.
J)l13!.rrl.lgar]d 11.lndamcntal ptl~’slc~ae::ptwimwtrl.



Earth’s geomagnetic tail. Magnmtic fields vary ● cross the Moon’s surface
from about 3CJ to 300 gammas- (1 gamma = 10-0 Oersted = 10-0 Gauss). The
tenuous lunar atmo~phere consists o+ solar wind gas~e= (mostly hydrogm~
helium, and neon) ●nd minor amnunt6 of other ga~es apparently outgass~d from
the lunar interior. The entire lunar ●tmosphere has a mass of about lW kg.
Since there is practically no atmosphere to produce decaying pions from
cosmic ray interactions? calculation show that.? for nmutrino energies
between 1 Gev and 1 Tev, the neutrino background is 100 times lower on the
Moon than on the Earth /1[3/. Primary co~mic ray intensities are more uniform
and constant than at the Earth. Solar flare protons ●t high flux levels
represent the most hazardCm6 short-term radiation problem for human being6. A
regolith 2 to 30 meters thick cover6 the entire lunar Surface, having a
density that increase6 from 1 to 1.8 gin/cm= ● s the depth increases from 1 mm
to 20 cm. The Moon turns slowly, qiving 2-week day6 and nights, and large
thermal gradients are produced between 6hadow and sunlight. Micrometeori+.e6
at cosmic velocities bombard the surface of the Moon at a rate of 300/m=/yr,
making craters 10 micrometers in diameter /19/.

Lunar Science

Traces of the key events in solar system history have been ●bolished on Earth
by vigorous terrestrial geologic processes. To understand the Earth’6 early
histsry, we must study the Moon. Even with the wealth of knowledge gained
about the noon by the Apollo Program- there ●re 6till many unanswered
questions. We do not know, for example! how the Moon formed or evolved. nor
do we know the composition and structure of the crust and mantle. kJhat is
the size of the metal core? if there is one? What is the thermal history of
the Moon, ●nd what is the nature of lunar volcanism? We do not know the
history and nature of the impact proce6ses of the Moon. An elaborate network
of jn-s itq measurements must be made befwe these questions can be an~wered
confidently.

Rn array of ●bout 30 seismic detector= should be distributed uniformly over
th~ surface of the Moon to characterize the lunar interior mot-e effectively.
Thi6 network must operate continuoufily for many years to detect ●nd analyse
naturally occurrinq mocmquakes and to record the travel time6 of the 6tress
waves initiated by larqr? meteorite impacts. Heat, flow measurements shauld be
made ●t many site6 so that the amount and distribution of radioactive
elements within the Moon carI be determined. This information is crucial to
mc3de16 of lunar structure, bulk composition! and history.

R lunar base can provide the opportunity for detailed studies of lunar
kamples collected fr-om all typws of terrain. These i;~vestiqation*; can
dctrwmine the agJPG of thw CJldesL and yaunqest rocls, thf’ stylu crf
Emplacements 0{ tl)e @arliPst cru~t.al un]t~. the natur-~ 04 rorl,b brought 11~)
frm depths bv largr? lmpac+s. and thr? mar)ner-ir)which matwia] iKIhl~r11:111
across tl)e fiurfacc?by thcr%u impart.s. Tt)wse c::am]r~i{tlmn+~ reqll]rf? that Ili(’
lunar ELIIfi~t.[? hw mapppd arid samplpd alor}q tr;~vm-s~!, hunclr’lnctrtrlr IiIomr’tr’1II
lonq and that crtitrw ~i~lls ar)d crntral up]] ll~tbt’ fitalrd. Tt]@g,v~.1Ildli’!latIJ
neerled tr.)d~v~)lol)a fllll ul~dprritarldlrlqof ttl[JCII luln and evolut ~or) III tl.~””
MLIC)I-IP6 crusl.



finding small quantities of. other volatiles there will have major
implications for our understanding of lunar origin, composition, str[lcturra~
and history.

FinallyT the Moon is a use:ul detector that can give valuable information
●bout solar and cosmic-ray hi6tory. The core samples obtained during the
Apollo missions contain a record of thE Sun’s history- but the lunar re~alitt-,
is too complicated to be understood on the basis of a fmw ~amples. Detailed
studiera supported by a lunar base would include coring up to 10 m deep!
trenching- jn-situ appraisal of lunar reg~lith ~ections, and num~rruus
inspection sites and analy6es.

Astronomy from the Moon

There are significant ●cientific questions that can be ●nswered only with
astronomical observatories having higher ●ngular resolution and greater
sensitivity than is pos~ible at facilitie6 on the Earth. The current model
for the central energy source in galactic nuclei and quasars Involves a black

hole accreting mass from surrounding stars: tests of this model require
micro-arcsec re~olution ●t radio, optical- ●nd x-ray wavelengths. The

detection OJ plar!et= orbiting nstirby tiimr-, +unciamental Improvements in the
cosmic distance ●cale, ●nd more precise estimates of the “invisible” mass in
the universe call for ultrahigh resolution at optical, infrared? and radio
frequencies. Detailed observations of primordial galaxies with large
red-shifts in the optical? infrared! microwake~ and ~-ray wavelengths will
provide information on the evolution of galaxies and the universe. Comets
residing in the inner part of the Oort cloud, 1~000 to 100POOQ astronomical
units away, could be detected and studiad with ● 30-m-apmrture optical
telescape. The versatile facilities needed to make these fundamental

investigations can be located ●t a lunar base.

In 6ome respects, the Moon is an ideal place for ● n astronomical observatory.

9 lunar observatory will have no atmospheric ●bsorption ●nd will provide a
stable and seismically quiet platfcrrm~ natural access to cryogenic
temperatures, and lnw gravity for buildinq lat-ge signal-collecting ar~as. In
the lunar environment, “naked” detectors may be operated, (%_eclbo-type radio

antennas may be cmtoured withii] existing crater~~ and lunq baseline
interferometers may he established. The far side of the Mcron is always

shielded from the Earthrs electromagnetic noise. Full darkne~~ lasts fnr 14
days. The slow rotation rate of the Moon makes it a simple task to trark a
celestial ob.]ect from a lunar platform. For these reasons, astronomical
mea6urerr,ents on the Iloon will re~ult III hiqhe” angular resoluticrn and gr~~ater
sen%ltivity than those made at comparable faci lities on the Earth and, in
‘some cascz, in LEO /20?21/.



segmented mirror would offer the larqefit optimum field of view. For thermal
protection, the telescope could be housed inside & #dome.” Such ● telescope

can work in the ●lectromagnetic spectrum from ultraviolet wavelengths to
mid-infrared wavelenghts-- limited by mirror coatings and polish at smaller
wavelengths ●nd by thermal mirror emis=ivity ●t the larger wavelengths /22/.
Also, very large arrays (VLGS) of optical telescopes can be desiqned using

interferometry techniques to synthesize an effective ●perture, which is the
Iarqest dimension of th~ array. The feasibility of a~ optical VLA with 27
individual l-m telescopes has been investigated /23/. Th@se dimensions
suqqest an ●ngular resolution of 10 micro-arc6ec for visible light. This

resolution is ~ufficient to view sunspots on other stars and extragalactic
processes as they ●re manifest in qua6ars and galactic nuclei. To achieve

‘= nm tolerances and adequatethi~ resolution! phase stability requires A-I
thermal protection probably requires large structures to cast shadows over
the telescope. These requirements ●ppear to be achievable on the lunar
surface.

The 3 milli-arcsec resolution of Earth-based radio astrometry is limited in a
fundamental way by the 7 ns variable delay caused In the troposphere and by
cm-scale motions of the Earth. Ey placing radio telescopes on the Moon, the
troposphere delay problem can be eliminated and the baseline shifts can be
greatly reduced. Operating the telescope above the 20 GHz range will
probably eliminate delay effects due to the Moon’s ionosphere, which must
otherwise be taken into account. Resolution in the 0.1 to 1.0 milli-arcsec
regime should be achievable /24/. This would make it possible, for example,
to measure the Sunrs proper motion ●bout the galactic center with a 2%
●ccuracy in 1 yr.

For the pa6t several decades, radio astronomers have been enhancing
resolution using interferometry, and those efforts have culminated in the
concept of ●perture synthesis. Radio VLAS already exist on the plains of St.
Augustine mear Socorro, New Mexico, U.S.A. A Y-shaped array of 27 atennas~
each arm being 20 km lonqP operates as a coherent ●rray, giving O. 1 arcsec
resolution at 2 cm

z
avelength. Furthermore, very long baseline inteferornetry

(VL6’1~ h;~s been con ucted on Earth! tl~e limit being the diameter of the
Earth. The possibility of using combined space-based and lunar-basad svstems

to tal:e full advantage of the Earth-Moon baseline! has been examined /25,26/.
The Muon-Earth Radio Interferometry (MERI) system would operate in the ZO MH:
to 330 GHz freq’.lency range, giving a resulutictn of 13 micrcr-arcsec at 10 Ghz
and 0.4 micro-arcsec at 300 Ghz. Hence, a fEw meter resolution could be
obtained LIt viewing MercL~ryq 5 x 10= km resolution at Drion Nekrula, and 0.1
astronomical unit resolution at the galactic center.

A!GY1” it.has been pointed oLIt. that because the Moon-r spin axl~ is
ed only ls/= deqreas from the normal to the plane ‘

#
th~ ecli~tic,

there ar~ reqions npar th~ poles in p~rman@nt fihadow /2u, . The:..r ir?ry CC)lCI
reqions CI++LW a r)atural. low 17r3i5F er)i~lt”c)llflli:,llt{CJI astrbrlcm]cal
ot)sL5rvatories.

SCIENC[: IN S}Y)C[”



New levels of chemical purity, low magnetic fields, low neutrino backgrounds,
and direct access to large-volume high vacuum suggest exciting discoveries in
fundamental science. For example, it will be important to investigate th~
biological consequences of low magnetic fields. Furthermore, new frontiers
in materials science can be advanced in the clean conditions? 1Ow
gravitational fields, and ●bundant solar energy available at a lunar research
laboratory.

As one further illustration of science in ●paceq we mmntion a fundamental
physics experiment that requires very low magnetic fields over a v~lume of
many m=. (W electric dipole moment (EDM) for any particle implies a
nonuniform charqe distribution. The conservation of parity and time reversal
invariance (TRI) each require that the EDM for ●ll particles must vanish.
But grand unified theOrie6 predict an EINI for the neutron so that the
discovery of ● neutron EDM would have broad implications fo present thinking
on theories of matter.

Experiments ~how that the neutron EDM is smaller than 10-== e-cm (EDM is
measured in units of electron charge, e, ●nd distance, cm), and the
sensitivity may ultimately reach 10-=7 e-cm on Earth. However, a sensitivity
near 10-=- e-cm would be necessary to make definitive statements about the
cause of TRI in nature, ●nd ● null result would be important. EDM
experiments use nuclear magnetic resonance techniques with the neutron
magnetic momsnt processing around weak magnetic fields. R 10-== e-cm

measurement requires exclusion o+ extraneous magnetic fields to the 10-9 G
level . For ● practical NIIR ●pparatus this may not be possible on the Earth,
even with ● superconducting shield. On the Moon, however, 6tarting with a
10-4 G field and an easily obtainable 109 shielding factor using standard
methods, 10-_G should be possible /29/. Thus, a permanent lunar research
laboratory, if it already existed for other reasons, could be used for
conducting critical wxperirnents to learn more about the nature of matter.

CONCLUSIONS

We have started from the perspective that the next several decades will see a
growing interest and capability in space exploration. As a consequence we
believe that. a lunar base will be established in the not too di6tant future
for a variety of reai;ons, including anticipated scientific? political, and
economic benefits. Ikcause of the long lead time% for large space projects
and experiments! it :.s not too early tu contemplate what types crf sci~ific
activities should be undertal::en at ● manned base on the Moon. Doinq so puts
us in a better position to influences as scientists, how a lunar base will
evol ve.

Research irlve*Ligatiuns at a lunar laboratory can be placed in three
cat.egories: Lunar Sc:.ence. Astronomy, and Science in Space. We ha~~
dlscusmd Unique e:{p[?rlmonts that car, be’ conducted at the Moon In each crf
these catequries. 01.trdlscussinn has fncus~d on e::ample=. and wa!. nnt
lntw>d~?d to be an e::tlaustive l]~,t.of scientific oD~JC)l-tUnltl(2S at ii lunar
lattclratrJt y. Mm hope WF have chosen e:<ampl.~s that wil 1 stimulate thr?
int.~rp;,t%of scienti!;t~ i’rom other nat]cw]~, %CI that, the future a{ manrir’d
P::ploratlorl In spacF WIII b~} tr,,lly ar) ]r)t~?rnatl~~~al cooperat~%e ~+ ~,Jl I .

fWl”Ncjwl,EImrrl[Nr5
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